more or less incapacitating and have an effect on social and school life [3] . As a symptom, constipation could cover various etiologies in terms of frequency, nature and seriousness [4] . These etiologies can be divided into medical and surgical causes; constipation most often being idiopathic or functional [5] .
Constipation is the reason for consulting a pediatrician in 3% of the cases and a gastroenterologist in more than 25% [1, 2] . The first difficulty with regard to constipation is to define the normal number of stools a child should have. Indeed this varies according to age and the type of food. Constipation can be defined by a frequency of spontaneous stools of less than 3/week. It can be accompanied by other signs (abdominal pains) that are Approximately 40% of the children suffering from functional constipation develop symptoms during the first year of life. It is also thought that in children under 4 years of age, the prognosis is better if treatment is instituted before 2 years of age. Episodes of incontinence exist in 84% of the patients [9] . In typical cases, no complementary assessment is necessary, and a plain abdominal X-ray is sufficient to evaluate stool retention if clinical examination is difficult (obesity) [10] . It is necessary to confirm the absence of vertebral or medullar anomalies (see below). In the same way, an anorectal digital examination must be carried out to eliminate a minimal anorectal malformation, to examine the tonicity of the anal sphincter, and the presence of a fecaloma [11] . Treatment rests on an as complete as possible evacuation of the colon, softening of stool consistency, and modification of dietary intake and life habits. Dietetic errors (dehydration, diet low in residues, etc.) as well as local causes can maintain constipation while making the expulsion of stools difficult or painful.
Medical Causes of Constipation
In rarer cases, childhood constipation is caused by an endocrine dysfunction or a metabolic or toxic cause.
Hypothyroidism is the principal endocrine cause of constipation. However, systematic screening in the neonatal period (Guthrie test) allows early diagnosis, thereby reducing the neurological consequences of a later diagnosis. Diabetes [12] and hypoparathyroidism have also been described as causes of constipation, but transit disorders are seldom the first sign.
Electrolyte imbalances can slow down bowel motions, as is the case with hypo-and hypercalcemia [13, 14] .
The possibility of poisoning must always be considered when taking down the medical history, without forgetting any treatment taken by a nursing mother. The main treatments responsible for constipation during infancy are: anticholinergics, antispasmodics, and certain resins (cholestyramine). The addition of a thickener (Gumilk ) to the infant's formula should not be forgotten as this can be the origin of constipation, even of a true occlusive syndrome, due to the accumulation of compact stools, particularly in the cecum.
As already stated, inappropriate diet can induce constipation. The principal etiologies are: (1) malnutrition, anorexia; (2) dehydration [15] ; (3) an excess of cow's milk [16] , and (4) residue insufficiency, particularly in the larger child.
Celiac disease [17] (gluten intolerance) can be accompanied by episodes of constipation.
Cystic fibrosis can be accompanied by constipation in the neonatal period (meconium ileus), or later during infancy, due to exocrine pancreatic insufficiency. During the prenatal period, cystic fibrosis can be suspected when an occlusive syndrome is associated with digestive hyperechogenicity (and lead to prenatal diagnosis by amniocentesis). At birth, meconium ileus is an occlusion of the ileum with delayed elimination of meconium and abdominal distension. The radiographic aspect is typical when there are opacities in the right abdomen. Rectal injection with gastrograffin shows a nonfunctional colon, a typical aspect in the cecum and the ileum where the product forms small balls of meconium. In case of intervention, which should be avoided by all means, the pasty macroscopic aspect of meconium is characteristic. Immunoreactive trypsin and molecular biology confirm the diagnosis. As for hypothyroidism, screening is now obligatory in France in the neonatal period.
Surgical Causes of Constipation
The principal organic cause of constipation is Hirschsprung's disease (HD). But it should not be forgotten that HD is 50 times less frequent than idiopathic constipation.
Hirschsprung's Disease HD, or congenital megacolon, is a congenital malformation characterized by the lack of enteric ganglionic cells on a variable length of the intestine. Whatever the length of the affected region, intestinal intrinsic innervation always starts above the anal region and extends more or less up to the colon or even the small bowel. In 75-80% of the cases, HD affects the rectum and sigmoid [18] . The total colonic form is found in 10% of all cases, and total intestinal aganglionosis (including the jejunum) in less than 1%. The abnormality is due to the absence of ganglionic cells in the myenteric and submucous plexus of Meissner and Auerbach, and associated with hypertrophy of amyelinic fibers. This aganglionosis is responsible for the hypertonicity of the pathological intestine.
Epidemiology of HD
The frequency of HD in the general population is 1 in 5,000 births [19] . It is predominantly seen in boys: 4/1 in the short form (rectosigmoid). The risk of recurrence for first-degree relatives is low (4%) but significantly increases when the index case is female or has an extended form. Most cases are sporadic; the familial form represents 6-15% of cases with a dominant autosomal transmission and incomplete penetrance [20] [21] [22] .
Clinical Presentation
Symptoms vary according to age and extent of disease. In all cases, it is a functional obstruction.
Neonatal Diagnosis without Complicated HD [23, 24] The possibility of HD is systematically suspected in neonates with functional obstruction, especially if the baby is full term with a normal prenatal ultrasound.
The usual clinical signs are: (1) delay in meconial emission, after 24-48 h; (2) progressively increasing abdominal distension in the 2 first days of life, and (3) alimentary vomiting, bilious vomiting is often delayed.
The best clinical sign for a positive diagnosis of HD is the sudden discharge of gas and meconium after anorectal digital examination or installation of a rectal tube. In the rectosigmoid form, the rectal tube, placed above the aganglionic part, allows evacuation of withheld stools, and a rapid decrease in abdominal distension [25] . The tube must be placed after X-ray (no pneumoperitoneum) and care must be taken to avoid perforation, especially if enterocolitis is suspected. Lack of sudden discharge does not exclude the diagnosis in case of a long form. Diagnosis of HD is made in the majority of cases during the first trimester [26] .
Diagnosis of HD in Infants
The possibility of HD in neonates with constipation must be suspected, especially if the motility disorder appeared or increased after weaning and food diversification, when stools become compact. Stool frequency is variable, sometimes with no defecation over several days. The abdomen is chronically distended, but less so after stimulation (laxative, etc.). Rectal examination eliminates lower anorectal malformations (in situ anal stenosis) and helps to detect upper fecal impaction. Growth is usually poor.
Later Diagnosis
In nearly all cases, short forms of HD can be diagnosed. Children have a long history of obstinate constipation with recurrent episodes of sub-occlusion, with distension of the whole abdominal wall. Constipation is known from birth, with stimulated bowel movements only every several days. Often dried out stools are mixed with liquid and foul stools caused by chronic retention. An important clinical point is that continence is always normal in HD; encopresis is never associated with HD. In some cases, HD has an important impact on growth and long-term psychological development [27] .
Extended HD [28, 29] The diagnosis of the long form of HD is often difficult and delayed [30] . The clinical picture may be very variable: (1) intestinal (ileal) neonatal occlusion, sometimes incomplete with or without spontaneous evacuation of meconium, and clinical signs, such as X-ray, could help to diagnose meconium ileus; (2) neonatal enterocolitis [31, 32] could be related to extended HD in the absence of prematurity or severe cardiopathy; (3) acute presentation with appendicular or cecal perforation [33] , and (4) severe constipation in neonates, particularly due to bad tolerance with a major effect on growth.
Complicated HD The two main complications of HD are gut perforation and enterocolitis. These complications can reveal HD or occur during the course of the disease and can be life-threatening.
Enterocolitis [34] can be considered as septicemia of intestinal origin, secondary to endoluminal microbial proliferation induced by stasis associated with ulceration of the intestinal wall and ischemia by distension. Clinically, the child presents with a major painful abdominal distension and deep sepsis. Stools are liquid and foul smelling or bloody. X-ray shows global dilatation, but pneumatosis is scarce. Treatment of enterocolitis in HD is associated with broad-spectrum antibiotic therapy (focusing on Gram-negative and anaerobic germs) and surgical diversion (in a normally innervated zone).
Perforation can occur in a normally innervated zone [35] . Emergency surgery is necessary for a pneumoperitoneum. A positive diagnosis of HD could be difficult because caliber disparity may be lacking. In such a situation the diagnosis should be kept in mind and lead to a rectal biopsy in association with stoma above the perforation [36] .
Diagnosis of HD
The diagnosis of HD is based on colonic opacification, but mostly on a rectal biopsy, which is the only way to make a clear diagnosis in the absence of ganglionic cells. Radiological Opacification [37, 38] The aim of colonic opacification is to show the diameter disparity between the narrowed aganglionic part and the dilated normal segment. Furthermore, it allows estimation of the length of the diseased colon. In neonates this examination is often difficult to interpret.
It must be performed under good conditions and in the absence of pneumoperitoneum and enterocolitis. Contrast progression (preferentially barium) is monitored using a scope, with face and profile incidence, focusing on the disparity in diameter. Often the best films are the plane ones (and after 1 h).
In the rectosigmoid form, the rectal part has a normal aspect, followed by a transitional part widening up to the dilated normal colon. This disparity in caliber is specific of HD ( fig. 1 ).
In the total colonic form, opacification could have different aspects [39] : (1) a short colon shaped like a question mark, with disappearance of the right and left colonic corners ( fig. 2 ) ; (2) a microcolon associated with more or less marked dilatation of the ileum -in this form the differential diagnosis is meconium ileus or microcolon megabladder syndrome, and (3) a normal aspect (30%). Anorectal Manometry [40, 41] Using manometry, the lack of a rectoanal inhibiting reflex is the main sign for a diagnosis of HD. But the presence of a false-positive reflex makes a rectal biopsy essential. Usually it is thought that manometry has little value in neonates (before 3 months of life).
Rectal Biopsy
Histological examination enables a definite diagnosis and is therefore crucial. Rectal biopsy must be made at least 3 cm above the anal margin to avoid a false-positive result (a biopsy made too low could be situated in a normal hypoganglionic part). This biopsy can be performed in two ways.
(1) Rectal suction biopsy (with H. Noblett grasp) is realized without anesthesia. Usually, two pieces are removed 3 and 6 cm from the anal margin. The limits of the technique are that a trained pathologist is needed and the biopsy must contain muscularis mucosa and, if possible, submucosa.
(2) Surgical biopsy should contain the whole rectal wall (Swenson technique). It requires general anesthesia but allows a deeper and more contributory biopsy.
Histological results supporting the diagnosis of HD are [42] : (1) on fixed pieces and standard histology, the lack of ganglionic cells and hypertrophy of amyelinic fibers (often missing in neonates) [43] , and (2) by immunohistochemistry (frozen pieces) hyperplasia of cholinergic fiber is seen in the submucosal and muscular parts, together with nervous fiber climbing in the mucosa.
Treatment
The treatment of HD is surgical and consists of removing the aganglionic zone and anastomosis between the anus and normal innervated bowel [44] . In the preoperative period stools must be evacuated either by rectal evacuation or stoma.
Preoperative Management Rectal evacuation is useful to evacuate stools through a rectal tube pushed above the aganglionic colon. The tube must be placed one to three times a day, allowing a decrease in abdominal distension and correction of the growth curve. This simple approach can be considered only in the short form of HD. It enables the patient to return home to await surgery, if the family is able to perform the management and are able to decide whether rectal evacuation is inefficient or the abdomen distended.
Stoma
The rule is that stoma should be performed in a normally innervated bowel and as distally as possible, avoiding the transition part. The stoma will be pulled through during final surgery. The indications for stoma at the time of diagnosis are: the long form; the short form with inefficient rectal evacuation, and the complicated form (enterocolitis).
During surgery, collaboration with a pathologist confirms that the stoma has been well placed. In the long form, biopsies should be numerous, including the appendix, and ileostomy is often necessary.
Enteroanal Pull-Through Three common techniques have been described by Swenson, Duhamel and Soave, respectively. These approaches can be used with equivalent short-and longterm results whatever the form and length of disease. The surgical innovations include the use of laparoscopy for biopsy or intra-abdominal dissection and pull-through by the transanal approach.
Whatever the technique, it is important to focus on: (1) preoperative preparation of the colon; (2) perfect histological analysis during surgery to avoid pull-through in the transition part, and (3) antibiotic prophylaxis.
Some complications appear soon after surgery: (1) Fistula on the anastomosis revealed by pelvic abscess, requiring antibiotics and often a stoma. (2) Stenosis of the anastomosis is frequent and usually benign, with good responses after dilatation [45] . (3) Enterocolitis remains a more serious complication, and could occur up to 2 years after surgery [46] . As previously described, clinical signs are abdominal distension, diarrhea and alterations in the general status. (4) Skin erosion around the anus is seen in nearly every case and responds variably to local treatment. (5) Defecation disorders can be seen in the longterm follow-up even without surgical complications [47] .
Surgical Techniques
Duhamel Pull-Through. This technique was described in 1956 and is based on rectal conservation using a retrorectal pull-through of the normal innervated bowel. It remains interesting due to its surgical simplicity and the limited dissection of the structures (pelvic nerves) around the rectum. Anastomosis can be realized at the same time, using automatic staples such as GIA. The main complication of the Duhamel procedure is a colorectal spur responsible for fecaloma [48, 49] .
Swenson Pull-Through. Described in 1948, this operation includes complete resection of the aganglionic seg-68 ment and anal anastomosis. The two main complications are neurological bladder impairment (pelvic nerve injury) and stenosis of the anastomosis.
Soave Pull-Through. Described in 1963, the principle is a colonic pull-through in a muscular rectal cylinder. The advantage is the lack of pelvic dissection, but the complication remains constipation when the cylinder is too long.
Transanal Pull-Through [50] . The principle is the realization of a Soave technique without laparotomy. It is especially interesting in neonates, but must be reserved for the short form [51] .
Laparoscopy. Laparoscopy can be used to take biopsies or for dissection during the Duhamel or Swenson procedures.
Other Functional Obstructions
When confronted with abdominal distension in a newborn baby with delayed meconium emission, other causes of organic or functional obstruction must be eliminated: anal imperforation; colonic or ileal atresia (occasionally seen with Morgagni's hernia); meconium ileus (associated with cystic fibrosis; fig. 3 ); small left colon syndrome, or a meconium plug [52] . 
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Small left colon syndrome and the meconium plug are characterized by the small diameter of the rectosigmoid and the left colon up to the left angle and the sigmoid or iliac colon. During opacification, a plug is eliminated following a rectal injection (the head of this mould is often grayish and the rest of the meconium is normal). Transit is then strictly normal. However, it is necessary to reexamine these children during the first months of life, and to carry out a rectal biopsy to rule out any doubt of HD [53] .
Chronic Intestinal Pseudo-Obstruction
The chronic intestinal pseudo-obstruction syndrome (CIPOS) is a very uncommon etiology of constipation. This diagnosis could be discussed in severe cases of constipation and failure of medical treatment.
CIPOS is characterized by repetitive episodes or continuous symptoms and signs of bowel obstruction, including radiographic documentation of dilated bowel ( fig. 4 ) , in the absence of a fixed lumen-occluding lesion [54] .
Regardless of the histologic type (myogenic or neurogenic) [55] , CIPOS always involves alterations in smooth muscle contractile function, leading to abnormal intestinal tract peristalsis and finally nutritional disorders from both intestinal failure and recurrent sepsis. The accompanying uropathies must be sought in all patients with CIPOS. The clinical impact of these uropathies (megabladder, renal dilatation, etc.) may be important, sometimes requiring vesicostomy. This association explains the necessity of urologic ultrasound when the etiologic diagnosis of constipation is difficult. In the same way, rectal biopsy and anorectal manometry could be required to show the presence of ganglionic cells and rectoanal reflex.
Anorectal Malformations
Anal examination is essential in the newborn at birth to ascertain rectal permeability. Especially in girls ( fig. 5 ), anorectal malformations with perineal fistula could be missed during several months or years even though the diagnosis is clinical. The anus is near the vulvar or scrotal region. The external sphincter is located behind the anal fistula. Rectoanal digital examination is impossible, even with 5th finger.
As already explained, at least one well-conducted anal examination is always required for the diagnosis of constipation.
Constipation is also frequent after treatment of anorectal malformations [56] . Risk increases in cases with a high anorectal form, associated with sacral and medullar abnormalities [57] . For example, continence is considered as socially normal in 75-85% with low malformations and in only 50% after treatment of high anorectal malformations. Management of constipation in these patients is specific, it is associated with medical treatment, perineal reeducation and in some cases surgery (cecostomy [58] to carry out anterograde washout).
Medullar and Sacral Malformations
Constipation could have neurological origins after medullar injury (traumatism, tumors, infections, etc.) [59] but diagnosis in these cases raises a few problems.
Isolated abnormalities of the sacrum or filum terminale may be revealed by constipation. Examination has to focus on the sacral region (dimple, lipoma, angioma, etc.). Once the abdominal X-rays have been taken, the sacrum must be studied, and ultrasound in neonates or MRI must complete the radiological examinations.
For example, Currarino syndrome is associated with a presacral tumor (usually teratoma), sacral abnormalities (cemetery sacrum) and anorectal malformations (from a nearly normal anus to higher anorectal malformations) [60] . The first clinical signs could be constipation or urinary difficulties.
In conclusion, constipation is a common reason for consultation during childhood, and the etiologies are very variable. But careful evaluation of medical history and physical examination are the best way to come to a diagnosis. No other examination is required and all investigations must be managed according to the clinical considerations.
